Abstract. High Ni 2+ levels are toxic to plant growth; however, being a micro-nutrient, its application and/or presence in low concentration may improve plant growth. Present study investigated the effects of exogenous Ni application on morpho-physiological attributes of two rice cultivars in China i.e., Yuxiangyouzhan and Meixiangzhan 2. Nickel was applied exogenously to 11 days old seedlings as Ni(NO3)2 in a solution form in the following concentrations: 0.1 mM (Ni1), 0.2 mM (Ni2) and 0.5 mM (Ni3). The seedlings without Ni 2+ application were taken as control. Results showed that exogenous Ni 2+ application improved the early growth of seedlings in terms of seedling length, basal diameter, biomass accumulation and seedling index. Substantial improvements were also observed regarding chl a, chl b, total chl contents and carotenoids in plants under Ni 2+ application compared to CK. Furthermore, all Ni 2+ treatments decreased the content of Malondialdehyde (MDA). Among all applied concentrations, Ni2 proved better regarding its promotive effects, however further research is needed to explore the molecular basis of Ni-induced modulations in seedlings of both rice cultivars.
Introduction
Rapid industrial development, urbanization and other anthropogenic activities are building pools of heavy metals in soils (Nagajyoti et al., 2010). These heavy metals, at an optimum concentration, act as essential micronutrients for the plants and play a beneficial role for plant growth, development and overall productivity.
Similarly, nickel is also recognized as the double-edged element for plants i.e., toxic at high concentrations whilst promotive at low/trace concentrations. However, long term nickel stress could induce significant inhibitory effects on shoots and roots growth, plant height, number of tillers, 1000 grain weight and paddy yield (Nazir and Asghar et al., 2015) . Moreover, nickel (Ni 2+ ) toxicity caused decline in the activities of antioxidants and induced the accumulation of free proline in both leaves and roots in pea plants (Gajewska and Skłodowska, 2005) . Exposure of detached leaves of rice seedlings to NiSO4 (1 mM) caused remarkable decline in activity of superoxide dismutase (SOD) and enhanced malondialdehyde (MDA) contents, thus caused leaf senescence (Shi and Zhoum 1998) . Rice seedlings exposed to high Ni 2+ concentrations caused substantial reduction in root and shoot growth along with substantial decline in fresh and dry biomass of rice plants (Rizwan and Imtiaz et al., 2017) . A decline in the activities of anti-oxidants e.g., superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) were noted with the increased Ni 2+ concentrations in paddy leaves.
On the other hand, nickel is an essential element for high plants with a normal range of 0.01-5.00 mg kg -1 dry weight (DW) (Welch, 1981) ; however, such reports are very few. For instance, application of NiCl2 (1 -5 µ mol L -1 ) can effectively promote vegetative growth of rice seedlings (Wang et al., 1999) . It also augmented the chlorophyll content, soluble protein, soluble sugars and peroxidase (POD) activity (Wang and Tian et al., 1999) . Its involvement as a non-substitution component of urease seems to be the only proof of its beneficial effect in high plants (Gerendás and Polacco et al., 2015) . Fishbein et al. (1997) indicated that Ni 2+ is a necessary component of plant and bacterial urease which has an important role in catalysing the hydrolysis of urea into ammonia and carbon dioxide in plants. Polacco (1997) reported that soybean cells had an absolute requirement for Ni 2+ while grown with urea as a sole N source in the presence of citrate. Gerendás et al. (2015) also proved that the nickel deficient paddies showed substantial reduction in growth and urea accumulation owing to the lack of urease activity. Ni-induced improvements in seed germination and early growth in rice mimics its stimulatory effects (Das and Kar et al., 1978; Mishra and Kar, 1974) . Furthermore, low concentration of Ni 2+ can promote the activities of peroxidase and ascorbic acid oxidase in alfalfa leaves and can enhance the disease resistance in crops (Theisen and Blincoe, 1984) , nonetheless, the promotive effects of Ni 2+ in high plants still needs further investigation. Present study investigated the effects of exogenous application of Ni 2+ at lower concentrations on the physio-biochemical attributes and early growth of rice seedlings with the hypothesis that Ni 2+ being a trace element could improve the early growth of rice if applied at low concentration.
Materials and methods

Experimental details
Pot experiment, between September to October in 2017, was conducted at Experimental Research Farm, College of Agriculture, South China Agricultural University, Guangzhou, (23°09′N, 113°22′E and 11 m from mean sea level) China.
The experimental soil in Guangzhou was sandy loam with 25.65% of organic matter content, 1.360% total N, 0.956% total P, and 17.460% total K. Before sowing, seeds of two popular rice cultivars i.e., Meixiangzhan 2 and Yuxiangyouzhan were soaked in water for 24 h at room temperature and germinated under moisture conditions. Geminated seeds were sown in plastic pots (31 cm in diameter and 29 cm in height) and allowed to grow for 10 days then Ni 2+ in the form of Ni (NO3)2 was foliar sprayed with three different concentrations i.e., 0.1, 0.2, and 0.5 mM and regarded as Ni1, Ni2 and Ni3, respectively. Pots without Ni 2+ application were regarded as control (CK) The measurements were repeated in triplicate and averaged.
Thirty days old seedlings collected from each treatment, except those which were used for the determination of seedling growth, were harvested, washed and immediately stored at -80°C till biochemical analyses (Fig. 1) . 
Determination of chlorophyll contents
The fresh leaf samples (0.5 g) were extracted with 95% alcohol and the absorbance was read at 665 nm, 649 nm, 652 nm and 470nm and the chlorophyll contents were estimated according to Arnon (1949) .
Determination of anti-oxidants activities
The peroxidase (POD, EC1.11.1.7) activity was measured with the methods of Pan et al. (2013) . The reaction solution included enzyme extract (50 μl) containing 1 ml of 0.3% H2O2, 0.95 ml of 0.2% guaiacol, and 1 ml of 50 mM l −1 sodium phosphate buffer (pH 7.0). The absorbance was read at 470 nm. One POD unit of enzyme activity was defined as the absorbance increase because of guaiacol oxidation by 0.01 (U/g FW).
The superoxide dismutase (SOD, EC 1.15.1.1) activity was measured by using nitro Zhang et Pan et al. (2013) . enzyme extract (0.05 ml) was added into the reaction mixture containing 1.75 ml of sodium phosphate buffer (pH 7.8), 0.3 ml of 130 mM l −1 methionine buffer, 0.3 ml of 750 μmol l −1 NBT buffer, 0.3 ml of 100 μmol l −1 EDTA-Na 2 buffer and 0.3 ml of 20 μmol l −1 lactoflavin. After the reaction, the change in color was measured at 560 nm. One unit of SOD activity is equal to the volume of extract needed to cause 50% inhibition of the color reaction. Catalase (CAT, EC 1.11.1.6) activity was estimated with the methods devised by Aebi (1984) . An aliquot of enzyme extract (50 μl) was added to the reaction solution containing 1 ml of 0.3% H2O2 and 1.95 ml of sodium phosphate buffer. The absorbance was recorded at 240 nm. One CAT unit of enzyme activity was defined as the absorbance decrease by 0.01 (U/g FW).
Determination of nitrogen metabolism enzymes activities
The activity of nitrate reductase (NR) was measured by using the methods of Sun et al. (2009) . One unit of NR activity is defined as NaNO2 µg formed per gram of fresh samples per hour. The activities of glutamic oxaloacetic transaminase (GOT) were measured by using the methods devised by Ebeid et al. (1981) . The aminotransferase activity was expressed by pyruvate formed in 30 min. The activities of glutamine synthetase (GS) and glutamine oxoglutarate aminotransferase (GOGAT) were measured according to Lin and Kao (1996) . One unit of GS activity is defined as 1 pmol Lglutamate γ-monohydroxamate formed per min. The reaction mixture (1 ml, pH 8.0) contained 80 pmol Tris-HCl buffer, 40 pmol L-glutamic acid, 8 pmol ATF', 24 pmol MgSO4, and 16 pmol NH2OH. The final pH was 8.0. The reaction was started by addition of the enzyme extract and stopped by adding 2 mL of 2.5% FeCl2 and 5% trichloroacetic acid in 1.5 M HCl after 30 min incubation at 30 °C. One unit of GOGAT activity is defined as a decrease of 1 OD340 per min. The reaction was started by adding L-glutamine immediately following the enzyme preparation. The decline in absorbance was recorded at 340 nm.
Statistical analyses
Data were analyzed using statistical software 'Statistix 8.1'(Analytical Software, Tallahassee, FL, USA) while differences amongst means were separated by using least significant difference (LSD) test at 5% probability level. 'Origin 8.1' (OriginLab Co., Northampton, MA, USA) was used for graphical representation. (Fig. 2) .
Results
Seedling growth
Nitrogen metabolism enzymes
Overall, all Ni 2+ treatments regulated the activities of key enzymes involved in nitrogen metabolism ( 
MDA contents, osmo-protectants and anti-oxidant responses
Exogenous Ni 2+ application regulated the anti-oxidative enzymatic activities in terms of SOD, POD and CAT ( 
Correlation analysis
Significant and positive correlation between seedling index and seedling fresh weight was observed. The same correlation was found among dry weight and activities of both SOD and CAT. Moreover, there also existed a similar correlation between total chlorophyll content and GOT activity ( Table 4) .
Discussion
Recently, the research on plant micro-nutrition has been given a renowned attention due to its significant effects on plant growth, development and overall crop productivity and grain nutritional qualities as well (Taylor and Harrier, 2001 ). Previously, Ni 2+ has been recognized as an essential micronutrient for legumes and possibly all high plants and is a necessary constituent of the enzyme 'urease' (Eskew and Welch et al., 1983) . In this study, the seedling growth attributes i.e., seedling length, basal diameter, fresh and dry biomass as well asseedling index were substaintially improved by exogenous Ni 2+ application. For example, remarkable improvement was found in height, fresh weight and dry weight under Ni1 treatment for both cultivars while highest value of seedling index was recorded in Ni2 for Yuxiangyouzhan and Meixiangzhan 2 which are 1.74 and 0.78. The values of the seedling index were calculated considering height, dry weight and basal diameter which all are the result of growth and development. Thus, seedling index represents the growth status of seedlings to a certain extent. In this study, Ni 2+ treatments enhanced the seedling index and it might have indicated that Ni 2+ application at low concentration is able to improve or stimulate the growth and development of rice seedlings. Zhang Previously, it was observed that exposure of plants to 10 μM Ni 2+ lead to a slight increase in fresh mass while 200 μM Ni 2+ inhibited shoot growth. It also caused a decline in chlorophyll content, an accumulation of proline hence visible symptoms of Ni toxicity. Nickel deficiency disrupted the ureide catabolism in foliage. It also induced accumulation of xanthine, allantoic acid, ureidoglycolate and citrulline while total ureides, urea concentration and urease activity were reduced (Bai and Reilly et al., 2006) . Furthermore, an earlier study found that a Ni-binding protein is necessary for urease activity which is encoded by soybean Eu3 gene (Freyermuth and Bacanamwo et al., 2000) .
Exogenous Ni 2+ application also enhanced the chl a, chl b, total chl contents and carotenoids. The results of the present study showed that Ni 2+ treatments increased the content of chl especially Ni3 and Ni4. Highest total chl content was recorded in Ni2 for Yuxiangyouzhan and in Ni3 for Meixiangzhan 2 while Ni3 had highest content of Chl a for both cultivars. Chl a can have an important role in converting light energy into electrical and chemical energy (Asadov et al., 1995) . The increment of photosynthetic pigment implied that nickel treatments could enhance the seedling's photosynthesis thus promoting the carbon metabolism and dry matter accumulation rate.
Furthermore, higher activities of NR, GOT and GPT were noted in Ni 2+ treatments. Nitrate Reductase (NR), glutamic-oxalacetic transaminase (GOT) and glutamate pyruvic (GPT) are key enzymes for nitrogen metabolism in plants. NR, through its catalytic reaction, not only regulates nitrate reduction but also influences the carbon metabolism of photosynthesis (Jamal and Fazli et al., 2006) . Deckard et al. grew six corn (Zea mays L.) hybrids in field conditions with supplemental N and irrigation. This experiment proved that there exists a positive relation between nitrate reductase activity and grain protein and yield. The increment of enzymatic activities for nitrogen metabolism mean that nickel treatments could enhance nitrogen metabolism inside the seedling. It will, further, promote the uptake of soil nutrients and increase the nitrogen utilization.
In addition, Ni treatments modulated anti-oxidant responses i.e., POD, SOD and CAT. These results corroborated with Silva et al. (2012) who found that Ni played an important role in plant growth and N uptake in crops supplied with urea in calcareous soils. Ni 2+ deficiency affects plant growth, plant senescence, nitrogen metabolism, iron uptake and disease resistance. Furthermore, Ni 2+ is absorbed and redistributed in plants via cation and/or metal-ligand complex transport systems. Superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) collectively build an enzymatic defense system. They synergistically, defend cell membrane system from getting damaged by superoxide free radical. They also inhibit membrane lipid peroxidation and decrease malondialdehyde (MDA) content, in order to reduce damage to the plant cells (Jebara and Jebara et al., 2005) . MDA is one of the most important products of membrane lipid peroxidation which can react with free amino acids, phospholipids and may produce ethylene in cellular membranes (Rakwal and Agrawal et al., 2003) . So, in the study of plant resistance, physical and physiological aging is a commonly used indicator. MDA content can be a measure of the membrane lipid peroxidation. Thus, it can be used in indirect determination of membrane system damage and plants resistance. Moreover, soluble protein also has a role in osmo-regulation and maintaining cellular structures and functions while anti-oxidants focus on quenching reactive oxygen species (ROS). For instance, SOD is involved in catalyzing the dismutation of superoxide radical whereas POD and CAT are involved in scavenging H2O2 (Sairam and Srivastava, Zhang et 
Conclusion
The exogenous Ni 2+ application improved seedling growth and development. It also enhanced the activities of key enzymes involved in nitrogen metabolism and antioxidant defence enzymes. Among Ni 2+ treatments, Ni2 proved better than other Ni 2+ doses for both Yuxiangyouzhan and Meixiangzhan 2. Even though, application of Ni 2+ at low concentration could improve the early growth of rice, further investigations are required at physiological and molecular level in order to reveal the exact mechanism of Ni-induced promotive effects in plants. In addition, there are small amount of nitrogen inside nickel nitrate which might affect the result of this study, more research should be carried out with different nickel resources.
